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Special Report: Policy
A review of human carcinogens—Part F: Chemical agents and

related occupations

in Cctober, 2009, 23 scientists from
six countries met at the International
Agency for Research on Cancer (IARC)
toreassessthe carcinogenicity of several
chemical and occupational exposure
circumstances previously classified as
“carcinogenic to humans” {Group 1)
and to identify additional tumour sites
and mechanisms of carcinogenesis
(table). These assessments will be
published as the sixth and last part of
Volume 100 of the JARC Monographs.!

Four aromatic amines and two
related industrial processes were re-
affirmed as  Group-1  carcinogens
based on sufficient evidence that
they cause urinary bladder cancer in
humans. The Group-1 dassification of
dyes metabolised to benzidine and of
4,4’ -methylenebis{2-chloroaniline)
was based on sufficient evidence in
animal models and strong mechanistic
evidenice?

Exposure to polycyclic  aromatic
hydrocarbons (PAHs) causes cancers of
the skin and lung in humans. Various
PAH-related industries and PAH-
containing complex mixtures were
confirmed as Group-1 carcinogens.
Although there are no epidemioclegical
studies of benzo[alpyrene, carcino-
genicity in many animal species and
strong mechanistic evidence justifiad
its classification in Group 1.

The carcinogenicity to humans of
other chemicals and exposure scenarics
was reaffirmed (table). For ethylene
oxide, the epidemiological evidence was
limited, but there is sufficient evidence
for its carcinogenicity in rodents.
Additionally, ethylene oxide is genotoxic
and mutagenic in many in-vitro tests
and in-vivo studies in animals, and its
cytogenetic  effects in  lymphocytes
of exposed workers provided strong
support for its classification in Group 1.4

Workers in the rubber-manufactur-
ing industry have an increased risk

for levkaemia, lymphoma, and
cancers of the urinary bladder, lung,
and stomach. Due to the diversity
and complexity of the exposures in
this industry, it is difficult to identify
causative agents, but there is strong
evidence of genotoxic effects in these
workers.®

The Working Group reviewed more
than 100 epidemiological studies of
benzene and confirmed its carcino-
genicity, with sufficient evidence for

ANLL, and limited evidence for ALL
CLL, MM, and NHL (for abbreviations,
see table footnote). The Working
Group also found limited evidence of
an association between maternal ex-
posure to painting—before and during
pregnancy—and an increased risk of
childhood leukaemia inthe offspring.
Dioxin (2,3,7.8-tetrachlorodibenzo-
para-dioxin, TCDD) was classified in
Group 1 in 1997, based on limited
evidence of carcinogenicity in humans,
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Aromatic amines
4-Arminobiphenyl Urinary bladder Strong
Benzdine Urinary bladde: Strong
tabolised to benzidine Strong*
webis(2-chloroaniline) Strong*
Naphthylamine Urinary bladder Strong
srtho-toluidine Urinary bladder Moderate
Asramine production Urinary bladder Weak/lack of datat
Magenta production Urinary bladder Weak/lack of datat
Pak-related exposures
Benzo[a]pyrene Strong®
Soot {chimney sweeping) Skin, lung Urinary bladder Moderate
Coai gasification Lung Strong
Coal-tar distillation Skin Strong
Coke production Lung Strong
Coal-tar pitches (paving, roofing) Lung Urinary bladder Strong
Aluminium production Lung, urinary bladder Weak/moderatett
Other chemicals
Aflatoxing Hepatoceliular carcinoma Strong
ANLL ALL** CLLFF MM**, NHL* - Strong
her/chloromethyl methylether  Lung Moderate/strong
1,3-Butadiene Haematolymphatic organs Strong
Dioxin (2,3,78-TCDD) Alf cancers contbined** Lung, STS, NHL Sea text§

See taxt™§
See text”§
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Strong
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Strong

Strong
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sufficient evidence in rodents, and
strong  evidence humans  and
animals for a mechanism via initial
binding to the aryl hydrocarbon
receptor  {AhR), which leads

in

o

changes in gene expression, cell
replication, and  apoptosis.® There
is now sufficient epidemiological

evidence for all cancers combined,
making TCDD the first agent classified
Wt Komevinas—co.chay  Pitially in Group 1 based on sufficient
) , chair  animal data and mechanisms, to be
(USA)?MG* later confirmed by increased cancer
' incidence in humans. This highlights
the ahility of mechanistic information
o provide robust  evidence of
carcinogenicity.

Like TCDD, 2.3,4,78-pentachloro-
dibenzofuran and 3,3'4.4'5-penta-
chlorobiphenyl (PCB-126) are complete
carcinogens in experimental animals,”®
and there is extensive evidence that
they act through the same AhR-
mediated mechanism. The Working
Group classified these two chemicals
inGroup 1.

The Working Group unanimously
reaffirmed the classification of formal-
dehyde in Group 1, based on sufficient
evidence in humans of nasopharyngeal
cancer. A possible association with
feukaemia was previously considered
“strong but not sufficient”® because of
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the lack of a plausible mechanism. The
epidemiological evidence has become
stronger: a recent study™ found that
embalming was significantly associ-
ated with an increased risk for myeloid
leukaemia, with significant trends
for cumulative years of embalming
(Prae=0-020) and for increasing peak
formaldehyde exposure (p,.,,=0-036).
In addition, a recent study™ of a small
group of exposed werkers showed
numerical chromosomal aberrations in
myeloid progenitor celis (chromosome
7 monasomy, chromosome 8 trisomy)
consistert with myeleid leukaemia,
in
peripheral blood that are indicative
of effects on the bone marrow. The
that, ¢
i5 sufficient evidence

for leukaemia, particularly myeloid

and haematcological  changes

Working  Group  concluded

overall, there
levkaemia.
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